Abstract. Studies on rheological properties of polystyrene/polypropylene (PS/PP) blends with and without the addition of various compatibilizers were carried out. PS/PP blends of 20/80, 50/50 and 80/20 (wt%) were prepared through melt blending in a single screw extruder at a screw speed of 40 rpm and temperature of 200 o C. The rheologycal properties were evaluated by melt flow indexer machine with the temperature of 200 o C. Four types of compatibilizers viz. polystyrene-block-poly (ethylene-butylene)-block-polystyrene (SEBS), surlyn, ethylene vinyl acetate (EVA) and sodium salt hydrate of 4 styrenesulfonic acid (ssh-4-ssh) were used in this study. The concentration of the compatibilizer is 7.5wt%. Results show for uncompatibilized blend, all blend compositions exhibit a reduction in melt viscosity, but the incorporation of EVA, surlyn and SEBS produced more resistance system to flow and increased the melt viscosity. However, in the presence of ssh-4-ssa a reduction in melt viscosity was observed, indicating easier for blend to flow.
Introduction
Blending is an attractive method of creating new materials with more improvement and flexible performance, modified, and better properties than existing polymers. Thus, blends of thermoplastics play an increasingly important role in commercial applications.
Polymer blends can be characterized by their phase behaviors as being either miscible or immiscible. Only a few polymer blends are truly miscible to the molecular scale, for example, PPO/PS blend [1] or PVC/EVA blend [2] . Most polymer mixtures are either partially or fully immiscible, forming multiphase structures, for example, PVC/ABS blend [3] or PC/ABS blend [4] .
The process of modifying interfacial properties of an immiscible polymer blend leading to the creation of polymer blend is called compatibilization [4] . The achievement of compatibilization, whether by addition of a third component (compatibilizer) or by inducing in situ chemical reaction between blend components (reactive blending), has played a pertinent role in the development of polymer blend [3] [4] .
The commercial production of polymer blend is normally done in the same melt processing machinery used with pure polymers, however in most intervenes having different configurations. Unexpected chemical and rheological problems can develop when certain materials are blended together.
It is generally believed that incompatibility prevails for two chemically dissimilar polymers in the molten state. Hence, the two systems polystyrene/polypropylene blend (PS/PP blend), considered in this work are easily conceivable as incompatible, because the structure of PS (contain benzene rings) belongs to the aromatic group, while PP contains straight carbon chains belonging to the aliphatic groups. It is also worth noting that one component, PS, is amorphous and brittle polymer, while the other component, PP, is semi-crystalline and ductile polymer. The combination of brittle and ductile polymers does not always result in toughened blends. The stress-strain behavior for such blends typically indicates the poorer property systems changes to better one on addition of compatibilizer [5] .
Compatibilization is a process of modification of interfacial properties of an immiscible polymer blend leading to the creation of a polymer blend [5] . The addition of compatibilizer influences adhesion between two incompatible polymers. There are several effects by using compatibilizer [6] [7] : reduce the interfacial tension in the melt, increase the adhesion at phase boundaries, and stabilize the dispersed phase against growth during annealing.
Mixture of polystyrene/polypropylene in molten state results an immiscible and incompatible blend, which is due to the different structure of the homopolymers. Polystyrene is an amorphous and brittle polymer, whereas polypropylene is a semi-crystalline and ductile polymer. Works on polystyrene/polypropylene (PS/PP) blend are numerous. However, the additions of various compatibilizers to the blend in the various blend compositions are rarely done.
There are four compatibilizers were used for this work. They are surlyn, polystyrene-blockpoly(ethylene-butylene)-block-polystyrene (SEBS), ethylene vinyl acetate (EVA), and sodium salt hydrate of 4 styrenesulfonic acid (ssh-4-ssa).
SEBS and EVA, as copolymers, were chosen based on the segments in copolymer that chemically identical or similar to polystyrene and polypropylene. Since surlyn and ssh-4-ssa have polar and non-polar segments, it may interact with polystyrene and polypropylene.
The flow behavior of mixture of two incompatible uncrosslinked polymers can be very complex and unpredictable. The dispersed phase need not be spherical in shape and its morphology may change with concentration and rate of shear [8] [9] [10] [11] . There can be inversion of the phases, or both polymers can be continuous phases. In flowing system, the low viscosity components tend to become the continuous phase and to encapsulate the high viscosity component and thus the overall viscosity of the mixture is reduced. This effect is the result of the principle that systems tend to reduce their dissipation energy to a minimum. Therefore, in capillary flow, the low viscosity component tends to collect near the high shear region at the wall while the high viscosity polymer collects in center as a core.
The rheological behavior of polymer blends, non-Newtonian, depends on the structure which is primarily governed by degree of dispersion of the components and by the mode of their preparation. Owing to the high viscosity of the system, it may prove to be in the thermodynamically non-equilibrium state and sometimes anomalous situations are observed. The a,w and a,w can be determined by considering the extrusion pressure and volumetric flow rate respectively. These parameters were calculated according to the following equations:
L and R are the length and radius of the die respectively,  = 22/7, while the other symbols maintain their meanings. The ratio of the length of the die to the radius of the die = 7.62.
Since the homopolymers as well as the blends melted are non-Newtonian fluids, a correction has to be done. Here, Rabinowitch correction for converting the Newtonian wall shear rate to the "true wall shear rate" was used. Hence, the equation (3) can be replaced by equation (4) where n is the power law index.
The true melt viscosity will be shown as in equation (4).
3 Results and Analysis
Rheological Properties
The effect of adding various compatibilizers on rheological properties of PS/PP blend are presented in various figures viz. shear stress versus shear rate curve, melt viscosity versus shear rate curve and melt viscosity versus blend composition curve as will be discussed below.
Shear Stress -Shear Rate Curve
The adding EVA to such a blend, the curve tended to separate out at lower shear rate. This implies that adding EVA as compatibilizer produced a very significant restriction in melt flow compared to others at low shear rate. However, the curve of compatibilized blend with EVA lies closer to that of SEBS at higher shear rates. This indicates that the curve tended to merge with the melt flow curve of the compatibilized blend with SEBS at higher shear rates. 
Melt Viscosity -Shear Rate Curves
The uncompatibilized blend, indicating a slightly higher melt viscosity than the uncompatibilized blend. In the case of adding SEBS, the curve lies closely above to the compatibilized blend with surlyn curve. This indicates that with the addition of SEBS produced higher melt viscosity in comparison with surlyn. On the other hand, the addition of EVA increased of the melt viscosity for all shear rates. It is interesting to see here that the curve of compatibilized blend with EVA lies closer to that of SEBS at higher shear rates. This indicates that these curves tended to merge at higher shear rates. In the presence of ssh-4-ssa a reduction in melt viscosity was observed, which made it easier for the blend to flow. It is worth noting that although the melt viscosity curve of compatibilized blend with ssh-4-ssa lies below that of uncompatibilized blend, at higher shear rate the curve tended to clearly separate out. This indicates that at higher shear rate, the melt viscosity of the blend reduced considerably. 
Melt Viscosity -Blend Composition Curves
The effect of various compatibilizers on the cross-plot of melt viscosity and blend composition The role of SEBS in increasing melt viscosity seems attributable to the elastomeric nature of this copolymer, which in its molten state is capable of absorbing greater energy of deformation.
In the case of adding EVA at the blends, the increase in melt viscosity might be attributed to the high viscosity of the compatibilizer. The melt viscosity of EVA is higher than PS homopolymer and it might be able to restrict the melt flow of the blend. However, a reduction in the melt viscosity with the addition of ssh-4-ssa owing to the compatibilizer appeared to act as a lubricant and diminishing the overall melt viscosity of the blend. This is found to be true as the mechanical properties of the blend are lower than the others.
Conclusion
The incorporation of various additives into PS/PP blend gives different effect to rheological behavior. A more significant improvement of the melt viscosity of PS/PP blend with addition EVA was observed. An improvement also was displayed by PS/PP blend either with SEBS or surlyn. However, the addition of ssh-4-ssa to the blend showed a reduction in melt viscosity.
